Abstract
biocrude may be further processed into platform chemicals or infrastructure-compatible fuels.
20
Hydrothermal conversion of biomass has been widely studied experimentally, mostly in batch 21 reactors and less so in continuous systems, and has been reviewed in the many process aspects,
22
such as near-critical water synthesis properties [1, 2] , the effects of various process conditions 
36
Many process improvements have since been done, and it is believed that the critical aspects 37 can be overcome or greatly reduced to an extent for the process to become feasible. One 38 aspect of the process optimization is to maximize the biocrude whilst decreasing the amount 39 of solid byproducts. During liquefaction, reactive biomass fragments rearrange to biocrude 40 compounds through condensation, cyclization, and re-polymerization, and for prolonged pro-41 cess severity a solid fraction insoluble in most solvents is formed, which is generally termed 42 char.
43
In a lignocellulosic context, char formation results primarily from two counteracting mech- and CMC. In the absence of product water phase, the feed for Batch #1 was prepared using 91 distilled water. the feed slurry is pressurized to process pressure (300 bar) by a high pressure piston pump.
103
Hereafter the feed is heated in two serial heaters to process temperature (400 • C) with a heat 
Process conditions for liquefaction experiments

111
Process conditions were kept constant at 400
• C and 300 bar. Mass flow rate was ap-112 proximately 9 kg/hr for Batch #1 and approximately 14 kg/hr for Batch #2, #3, and #4.
113
During each batch run, mass balance samples were collected to evaluate process yields. In 114 total, 14 mass balances were collected over the four batches. to analysis, all samples were diluted in diethyl ether (DEE) and subjected to the following 132 oven temperature profile: 40
• C was held for 3 minutes, then ramped to 325
and finally kept at this temperature for 4 minutes. Injector and ion source temperatures
134
were 280
• C, split ratio was 1:20, and flow rate of the carrier gas (helium) was 1.0 mL/min. water phases were performed on a Hach Lange Spectrophotometer with RFID.
141
Energy Recovery (ER), Carbon Recovery (CR), and the effective hydrogen-to-carbon ratio (H/C ef f ) were calculated according to Eq. 1, 2, and 3:
HHV of biocrude · mass of biocrude HHV of feedstock · mass of feedstock (1) CR = mass of C in the biocrude mass of C in the feedstock (2)
3. Results and Discussion by viscosity changes when feed is pumped into the system instead of HCW, and vice versa.
149
The tiny oscillations in the pressure profile are due to the use of a piston pump.
150
For each mass balance sample roughly 20 kg of product (biocrude and water phase) was Table 3 shows that after conversion the water phase is noticed to be acidic despite of the 
208
To investigate if the aqueous recirculation affects the quality of the obtained biocrudes,
209
an effective hydrogen-to-carbon ratio (H/C ef f ) was calculated as a quality measure. Gas phase composition was monitored continuously for carbon dioxide, hydrogen, methane,
218
carbon monoxide, and oxygen throughout each batch. Figure 5 displays typical gas trends. CO are 4-5 % and 2-3 %, respectively. During each mass balance samples, product gases 225 are involuntarily exposed to surrounding conditions, allowing air to enter the gas stream.
226
This is observed by an increased oxygen concentration, followed by decreasing product gases.
227
After each mass balance sample steady state process conditions are reestablished as soon as 228 the system is resealed. The gas mass flows were registered to approximately 0.6-0.7 kg/hr., at a 96 % closure.
233
Gas compositions obtained from the four batches are presented in Table 4 , where the gas Table 4 : Normalized gas composition of CO 2 , CO, CH 4 , and H 2 Gas phase volume fractions [%] CO 2 CO CH 4 H 2 Batch #1 62.1 2.9 4.6 30.5 Batch #2 62.1 2.9 4.6 30.5 Batch #3 60.8 2.7 4.5 32.0 Batch #4 63.6 3.3 4.2 28.8
Analyses of the biocrude
247
The biocrude was analyzed for determining the system performance in terms of biocrude 248 quality. Table 5 have to be implemented. Accumulation of inorganics is of particular concern, which is why 264 an inorganic removal step of the aqueous phase may have to be implemented downstream.
265
A supercritical salt separator has previously been proposed as a means for precipitation var- biocrude yields, but a slight decreasing tendency is observed. Conversely the biocrude yield 301 trend, the biocrude quality in terms of an effective hydrogen-to-carbon ratio was observed 302 to increase slightly when the water phase is recirculated. Gas phase yields and compositions 303 were found almost invariant to the water phase recirculation. Some process inconveniences 304 were observed with respect to water phase recirculation; TOC and ash contents of the water 305 phase were observed to increase significantly with water phase recirculation, which may 306 eventually lead to system failure due to salt precipitation. Moreover, the mass fraction 307 of ash in the biocrude was found relatively high (0.48 %). From the biocrude analysis it 308 was found that the major biocrude compounds were cyclic C 5 or aromatic C 6 backbones, 
